1. Introduction {#s0005}
===============

Cardiopulmonary nematodes in cats include different parasite species affecting feline lungs and the heart, with the metastrongyloid *Aelurostrongylus abstrusus* being the most frequent feline lungworm worldwide ([@bb0120]; [@bb0235]). Adult stages (length 5--11 mm, width 0.054--0.08 mm ([@bb0110])) of this parasite are embedded in the lung parenchyma and produce eggs and larval stages causing verminous pneumonia ([@bb0150]; [@bb0155]; [@bb0220]). *Troglostrongylus* sp. was described in the twenties ([@bb0285]) and then neglected until recently, when the rediscovery of this parasite in single European countries such as Spain ([@bb0170]), Italy ([@bb0035]; [@bb0065]), Greece ([@bb0075]) and Bosnia-Herzegovina ([@bb0005]) was reported. The adult nematodes of the latter can be easily differentiated from *A. abstrusus*: *Troglostrongylus* sp. parasites are located in bronchi and bronchioli, are larger (length 6.6--16.8 mm, width 0.2--0.4 mm ([@bb0110])), males have clearly longer spicules and females have a different position of the vulva opening. However, the first stage larvae (L1) of both parasites, which are coughed up, swallowed and excreted in the faeces, are very similar ([@bb0035]), potentially leading to diagnostic misinterpretations. A further rarely diagnosed feline lungworm is *Oslerus rostratus* (previously named *Anaphilaroides rostratus*): this parasite is also found in the lung parenchyma or embedded in peri-bronchial tissues, being larger than *A. abstrusus* (length 30--50 mm, width 0.34--0.69 mm ([@bb0110])). In contrast, *Capillaria aerophila* (syn. *Eucoleus aerophilus*) is more common than *Oslerus rostratus* and is frequently observed in trachea, bronchi and bronchioli of foxes ([@bb0185]; [@bb0205]), dogs and cats ([@bb0120]; [@bb0250]). *Capillaria* sp. are thin filariform parasite with *C. aerophila* in cats being 12--19 mm long and 0.049--0.102 mm wide ([@bb0260]) and diagnosis is accomplished by detection of characteristic eggs in faecal samples.

Regarding heart worms, the *Dirofilaria immitis* prevalence in endemic areas in cats is supposed to correlate with that in dogs ([@bb0270]). Cats are considered imperfect hosts that may harbour immature or adult stages measuring several centimetres which are located in the right heart and the pulmonary artery or at ectopic localisations ([@bb0275]). Laboratory diagnosis in cats is challenging as antigen detection is insufficient and because cats are often amicrofilaraemic ([@bb0010]; [@bb0100]), meaning that they cannot be identified based on the detection of microfilariae in blood samples.

Ultimately, *Angiostrongylus chabaudi*, a heartworm taxonomically related with the now commonly reported canid nematode *Angiostrongylus vasorum*, has been identified in Italy in the pulmonary arteries of wild ([@bb0015]; [@bb0280]) and domestic ([@bb0255]; [@bb0265]) cats, and also in wild cats from Romania ([@bb0115]).

In Swiss cats, recently performed serological studies confirmed the wide occurrence of *A. abstrusus*, with a prevalence of 10.7% based on detection of serological antibodies against the parasite ([@bb0140]). For the validation of the adopted ELISA and in the frame of a prevalence study performed with stray, shelter and privately owned cats, we confirmed the absence of *Troglostrongylus* sp. and identified *A. abstrusus* being the only occurring cardiopulmonary nematode causing patent infections in cats in Switzerland ([@bb0300]).

The present case report describes an 11-month-old male neutered European short hair cat, which presented with generalised subcutaneous oedema and pleural and peritoneal effusions. According to clinical examination, abdominal imaging and laboratory analyses, a tentative diagnosis of severe glomerulopathy with massive proteinuria was made. Due to worsening of the clinical signs despite therapeutic interventions and a poor prognosis, the cat was euthanised. Necropsy followed by further analyses allowed the first description of a naturally occurring infection with *A. vasorum* in a cat.

2. Material and methods {#s0010}
=======================

2.1. Anamnestic data, clinical examination, laboratory analyses and diagnostic imaging {#s0015}
--------------------------------------------------------------------------------------

An 11-month-old, outdoor, neutered male domestic shorthair cat with a body weight of 4.7 kg was referred because of a three-day history of inappetence, lethargy and generalised swollen legs and paws. At the time of hospital admission, the cat was alert, responsive, and euhydrated with a body condition score of 4/9. The cat had a body temperature of 38.7 °C. The heart (180 beats/min) and respiratory (34 breaths/min) rates were mildly high, likely attributable to stress or discomfort. On physical examination, the cat showed pain when its neck, back and abdomen was palpated, and presented with generalised limb, head and neck oedema. No abnormalities were detected on examination of the oral cavity.

A CBC revealed a mild microcytic anaemia (Hct, 23%; reference range 33% to 45%) with a reticulocyte count of 69′600/ul, leukocytosis (15′800 leukocytes/ul; reference range 4′600 to 12′800 leukocytes/ul) and eosinophilia (1′420 eosinophils/ul; reference range 100 to 600 eosinophils/ul). The cat had a platelet count of 412′000 platelets/ul, which was within the reference range of 180′000 to 680′000 platelets/ul.

Serum biochemical analysis identified a severe hypoproteinaemia (2.9 g/dl; reference range 6.4 to 8.0 g/dl) and hypoalbuminaemia (1.3 g/dl; reference range 3.2 to 4.2 g/dl). The liver- and kidney values, electrolytes, vitamin B12 and ammonia concentration were within reference range. The cat tested negative for FeLV antigen and FIV antibodies (SNAP FIV/FeLV Combo test, IDEXX Laboratories, Westbrook, Maine, USA). An oral cavity swab to perform PCR to detect calicivirus was negative. Urinalysis revealed a normal specific gravity (specific gravity, 1.050) but the cat was severely proteinuric (UP/C value of 8.96).

On radiographic evaluation of a lateral thoracic and lateral abdominal radiograph there was evidence of a mild pleural and moderate peritoneal effusion. Abdominal ultrasonography was performed for further evaluation of the abdominal pain, the severe panhypoproteinaemia and peritoneal effusion: ultrasonography revealed a large amount of free abdominal fluid (that was subsequently characterized as a low-protein transudate), a moderate lymphadenomegaly, a severe pancreas oedema and a severe stomach wall oedema.

Overnight, the cat was treated with buprenorphine 15 μg/kg QID IV and maropitant 1 mg/kg SID IV. The respiratory rate and effort, the generalised pain and the oedemas deteriorated progressively to the next day. Given the cat\'s rapid clinical deterioration, the owner elected to have the cat euthanised.

2.2. Pathological and histological examination {#s0020}
----------------------------------------------

Necropsy was performed including a macroscopic evaluation of all inner organs according to standard procedures. Tissue samples of lung, liver, spleen, pancreas and mesenteric lymph nodes were immediately fixed in 10% buffered formalin solution for 48 h. Subsequently, the organ pieces were trimmed and embedded in paraffin blocks (Sakura, Horgen, Switzerland). Then, 2-micrometer sections were prepared and stained with haematoxylin and eosin (HE) according to standard procedures. A Van Gieson special stain was also done.

2.3. ELISAs {#s0025}
-----------

One serum sample and tissue fluids from kidney, liver and lung organ pieces were collected at necropsy and stored at −20 °C until further processing. All samples were tested for the presence of antibodies against the cat lungworm *A. abstrusus* using a validated indirect ELISA ([@bb0295]) according to [@bb0140] with minor modifications: the goat anti-feline IgG peroxidase labeled conjugate (Southern Biotech, Birmingham, USA) was used at a dilution of 1:9000. The plate run included a substrate control, two positive controls (sera from experimentally infected cats), two negative controls (from uninfected laboratory cats), a reference serum added twice and a conjugate control. The cut-off values were applied as previously described ([@bb0140]). The aforementioned ELISA is able to detect antibodies against *A. abstrusus* the earliest at two weeks after experimental infections and reaches a sensitivity of 100% ten weeks after infection. In randomly sampled, naturally infected cats, the sensitivity of the ELISA was 88.2% and the specificity was 90.0% ([@bb0295]).

In addition, the cat serum sample was tested with ELISAs developed for the detection of circulating antigen of the canine lungworm *A. vasorum* ([@bb0215]) and of specific antibodies against *A. vasorum* ([@bb0230])*,* this latter test after minor modifications: i.e. the goat anti-dog IgG conjugate was substituted with a goat anti-feline IgG conjugate (Southern Biotech, Birmingham, USA) at six different dilutions, and evaluated at a dilution of 1: 4000. Five proven negative cat sera served as negative controls.

2.4. Genetic analyses {#s0030}
---------------------

In order to classify the nematodes histologically observed in the lung tissue, DNA was isolated from two histology blocks containing lung tissue ([@bb0020]). From both formalin-fixed paraffin-embedded blocks, one 20-μm section was cut and deparaffinized in xylene by centrifugation at 13,800 ×*g* for 5 min. The supernatant containing xylene was removed, and the sample washed twice in ethanol, centrifuged at 14,800 ×*g* for 5 min followed by removal of the supernatant. The remaining pellet was lysed with proteinase K (20 mg/ml, Roche Diagnostics, Mannheim, Germany) on a thermomixer at 56 ^°C^ and 550 rpm overnight. DNA was extracted using the commercial DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer\'s instructions.

In a first PCR amplifying the internal transcribed spacer 2 (ITS2) regions in nematodes, primers NC1 (5'-ACGTCTGGTTCAGGGTTGTT-3′; forward) and NC2 (5'TTAGTTTCTTTTCCTCCGCT-3′ reverse) were used ([@bb0090]), and PCR was performed as previously described ([@bb0280]) using a modified annealing temperature of 54 °C for 60s. A QIAGEN Multiplex PCR Master Mix (QIAGEN, Germany) was used and the reactions were performed in a Thermocycler (Labcycler, SensoQuest GmbH, Göttingen) at 95 °C for 15 min.

In a second PCR for detection of DNA of the feline heartworm *A. chabaudi,* the primers AChFor (5'-TCAAAGAAATAATCATCGAAC-3′; forward) and NC2 (5'TTAGTTTCTTTTCCTCCGCT-3′ reverse) ([@bb0070]) were used and the following modified cycling protocol was adopted: 15 min at 95 °C; 40 cycles at 94 °C for 60s, 52 °C for 60s and 72 °C for 60s; and a final extension at 72 °C for 10 min. The first amplified product was diluted 1:20 and amplified again using the same PCR protocol.

In addition, a third PCR specific for *A. vasorum* was conducted using the primers COIF (5'-TAAAGAAAGAACATAATGAAAATG 3′) and COIr (5'-TTTTTTGGGCATCCTGAGGTTTAT-3′) targeting a partial region of the mitochondrial COI gene ([@bb0030]; [@bb0160]). This PCR was performed as previously described ([@bb0165]) with the following modifications: reactions were thermo-cycled at 94 °C for 15 min, followed by 40 cycles of (94 °C for 30s, 55 °C for 30s, 72 °C for 30s), and a final extension step at 72 °C for 10 min. This protocol was repeated again with the amplified product using a modified thermo-cycle protocol: 95 °C for 15 min and 40 cycles of (94 °C for 30 s, 50 °C for 45 s, 72 °C for 30s), and a final extension step of 72 °C for 10 min.

All PCR products were electrophoresed on a 1.5% (*w*/*v*) agarose gel and visualised using GelRed™ and UV illumination. Positive bands were cut from the agarose gel and the DNA was extracted with a MinElute Gel Extraction Kit (QIAGEN, Germany). Sequencing reactions were performed by Synergene Biotech GmbH, Switzerland and the sequences were analyzed using BLAST (Basic Local Alignment Search Tool).

3. Results {#s0035}
==========

3.1. Pathological and histological examination {#s0040}
----------------------------------------------

### 3.1.1. Macroscopic findings {#s0045}

The cat was in good body condition. A generalised subcutaneous oedema was present, in particular located in the caudal body part and the paws. The mucous membranes were pale. In the thoracic cavity, a hydrothorax consisting of approximately 12 ml of reddish fluid (specific gravity: 1020) and a mild hydroabdomen were observed. The left lung lobes were of dark red color whereas the right lung lobes were light red mottled, the overall consistency was wet and heavy. The liver had a dark red to brown color and rounded edges, the consistency on the cut surface was firm. Both kidneys had a yellowish to light brown color and a firm consistency, whereas the left kidney seemed slightly enlarged. The mesenteric lymph nodes were enlarged containing round and coalescent 1--2 mm areas on the cut surface.

### 3.1.2. Histological findings {#s0050}

Histologically, the lungs presented with a generalised oedema and hyperaemia. In one lung area, multifocal foci consisting of inflammatory cells including epitheloid and non-epitheloid macrophages, eosinophils and neutrophils, which were partially degenerated and mixed with fibrin, were observed. These granulomas were frequently associated with vessels, bronchi and bronchioli. In addition, vascular thrombi and adult nematode sections were present in arterial lung vessels ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"} ), overall indicating focal verminous pneumonia due to nematodes. The adult nematode stages were characterized due to their size and content. No larvae nor egg stages were observed.Fig. 1Histological section (haematoxylin and eosin stain) of an enlarged pulmonary artery with thrombosis and massive inflammation in a cat diagnosed with a natural *Angiostrongylus vasorum* infection. The infection was considered non-patent due to absence of eggs and larval stages in this and further histological sections (not shown). The arrow indicates a mixed cellular inflammatory process in the lumen of the artery (mostly neutrophils and macrophages), the small star points to the Tunica media of the artery; the arrowhead indicates perivascular lymphocytes and plasmacells, while the large star indicates peribronchial glands (right side) and the bronchus lumen (left side).Fig. 1Fig. 2Focal pneumonia and a pulmonary artery containing two nematode cross sections in the lung of a cat diagnosed with *Angiostrongylus vasorum* infection (histological section, haematoxylin and eosin stain). The letters stand for c: cuticle, m: musculature, i: intestine, s: sperms. Therefore, the size (approx. 0.4--0.5 mm) and content of the nematode sections indicate adult stages.Fig. 2

The fat tissue surrounding the pancreas was multifocally necrotic (fat necrosis) and a mild lymphohistiocytic steatitis was present. The mesenteric lymph nodes showed a reactive hyperplasia.

In both kidneys, hyaline eosinophilic material in all glomeruli that was positive in the Van Gieson special stain was visible and, occasionally, the Bowman\'s capsule was thickened. Multifocally, mild to moderate proteinuria, tubular calcifications and chronic interstitial nephritis consisting of lymphocytes and plasma cells were observed. These findings led to the tentative diagnosis of a severe, bilateral collagenofibrotic glomerulopathy with proteinuria and a pre-existing mild, chronic interstitial nephritis.

3.2. ELISAs {#s0055}
-----------

Serum as well as kidney, liver and lung tissue fluids were negative by the *A. abstrusus* antibody detection ELISA. The *A. vasorum* antigen and antibody detection ELISAs were both negative.

3.3. Genetic analyses {#s0060}
---------------------

The PCR amplifying the ITS2 region performed out of samples extracted from the lung tissue blocks was positive for nematode DNA. Sequence analysis of a 431 base pair (bp) fragment confirmed the presence of *A. vasorum* DNA with a 100% identity with GenBank accession nos. [GU045374.1](ncbi-n:GU045374.1){#ir0005}, [EU627595.1](ncbi-n:EU627595.1){#ir0010}, [EU627594.1](ncbi-n:EU627594.1){#ir0015}, [EU627592.1](ncbi-n:EU627592.1){#ir0020}). The here detected sequence was registered with GenBank accession number MN104952.

Also the PCR that amplifies a partial region of the mitochondrial COI gene (310 bp) was positive and showed 100% identity with previously published sequences of *A. vasorum* GenBank accession no. [EU493163.1](ncbi-n:EU493163.1){#ir0025}. The here detected sequence was registered with GenBank accession number MN104953.

Gel-electrophoresis of the amplified product of the PCR specific for *A. chabaudi* was negative.

4. Discussion {#s0065}
=============

The clinical signs observed in the here presented case study were consistent with a glomerular disease, possibly caused by an amyloidosis, or an infection with the coronavirus causing feline infectious peritonitis, or a renal lymphoma, or an idiopathic glomerulonephritis or glomerulopathy. Due to an unfavourable prognosis, the cat was euthanised and necropsied allowing further investigations. The histologic examination confirmed a bilateral collagenofibrotic glomerulopathy with a chronic interstitial nephritis, and enabled the detection of an unexpected parasite, *A. vasorum,* in the lung vessels. The occurrence of this parasite in dogs has been largely described in Europe, especially in the last twenty years, as the cause of canine angiostrongylosis inducing respiratory, neurological and other clinical signs ([@bb0175]; [@bb0210]). *Angiostrongylus vasorum*-infected foxes, which are considered the natural reservoir of the parasite, are contributing to its spreading and establishment of endemic foci ([@bb0130]; [@bb0245]). After the first description of *A. vasorum* in a dog kennel in Switzerland ([@bb0290]), a gradual increase of affected dogs ([@bb0240]) and foxes ([@bb0125]) was observed approximately 30 years later. Despite its actual widespread occurrence in dogs, an infection with *A. vasorum* was initially not suspected in the case presented here, given that, to our knowledge, no previous natural infections of cats with this parasite have been described. In cats, *A. abstrusus* is the most frequent lungworm worldwide including Switzerland ([@bb0120]; [@bb0300]). However, adult stages of *A. abstrusus* usually reside in the lung parenchyma of cats and are normally not observed in arterial vessels. Moreover, no antibodies against *A. abstrusus* were detected in serum or tissue fluid of this cat, excluding an infection with this parasite. Serology, i.e. a serological rapid assay based on a test developed for the detection of *A. vasorum* in dogs ([@bb0225]), was previously used to test blood of badgers and wild cats, identifying animals infected with the nematodes *Angiostrongylus daskalovi* and *Angiostrongylus chabaudi*, respectively ([@bb0050]). Although *A. chabaudi* is very rarely described in domestic and wild cats and only in single European countries, the localisation of the nematode sections in the arterial vessels of the cat presented here and the histological absence of larval stages in the lungs were indicative for a potential *A. chabaudi* infection: in fact only wild but no domestic cats infected with *A. chabaudi* were patent ([@bb0080]; [@bb0265]), indicating that domestic cats are not suitable definitive hosts, not allowing maturation and release of L1 by adult female parasites. However, genetic analyses did not confirm the presence of *A. chabaudi*, despite the detection of nematode DNA in histological samples. Instead, ITS2 and COI sequencing both surprisingly confirmed an infection with *A. vasorum*: although patent infections with *A. vasorum* were observed in a wide range of canids and also in red pandas, badgers, stoats, weasels and even meerkats ([@bb0135]), the cat was not considered as a suitable definitive host for *A. vasorum*, as natural infections have never been observed before. Unfortunately, due to the progressing glomerular disease followed by euthanasia, no faecal samples could be collected from the here presented cat for confirmation of absence of larval stages and therefore patency. The tentative ELISAs for *A. vasorum* detection resulted negative. However, we would like to stress that the *A. abstrusus* ELISA for cats ([@bb0295]; [@bb0140]) and the two ELISAs for circulating *A. vasorum* antigen detection and antibodies against the parasite ([@bb0215]; [@bb0230]) have been well validated for cats and dogs, respectively, and optimal concentrations of the different test components were determined by a series of titration experiments. In absence of positive control sera of other cats infected with *A. vasorum*, it was not possible to perform these experiments. We therefore cannot differentiate if the *A. vasorum* ELISAs performed with the cat material were negative due to unsuitable testing or to true absence of circulating antigens or antibodies.

Experimental studies performed in the seventies demonstrated the development of adult male and female *A. vasorum* nematodes containing eggs in cats, but no larval excretion in the faeces ([@bb0145]). Of eight cats receiving 1′000--2′000 infective third stage larvae (L3), five developed respiratory clinical signs; six were necropsied and of these, all had pulmonary lesions. Overall, three cats harboured adult worms, of which two had females with eggs ([@bb0145]). In a more recent study, eighteen animals were inoculated with 50 L3: L1 were not observed in faeces, and only 14 worms were recovered, of which 11 were females and five of them were gravid ([@bb0085]). Among the above mentioned infected cats, two animals died within two weeks after inoculation: larval stages were identified in the pancreas in one and in the gall bladder of the other cat post mortem ([@bb0085]). Therefore, although not becoming patent, *A. vasorum* infections may be clinically relevant in cats. It was hypothesised that after penetration of the gastric mucosa, the ingested L3 may perform erratic migrations including to the before mentioned organs of cats ([@bb0085]). There are manifold descriptions of erratic nematode migrations leading to severe diseases when non-suitable hosts are infected with parasites of other hosts (i.e. the dog and cat ascarids *Toxocara canis* and *T. cati* migrating to the eyes or viscera of humans ([@bb0060]), or the subcutaneous canid filarial *Dirofilaria repens* causing tumor-like subcutaneous, ocular or pulmonary nodules also in humans ([@bb0095]). In infected dogs, ectopic larval stages of *A. vasorum* were observed in a number of organs such as brain, diaphragm, liver, pancreas and skin ([@bb0195]), and adult stages were found in the pericardial sac, in the bladder ([@bb0195]) or in distant blood vessels such as the femoral arteries ([@bb0045]). However, we were not able to confirm erratic migrations in this cat: several organs were macroscopically and histologically altered in the present case, but no ectopic parasitic stages were found. The cause for the kidney changes is not clear: the only description of a cat with renal glomerular fibrosis postulated a production of collagen type III through activated mesangial cells ([@bb0190]). In our case, glomerular changes resulted in proteinuria and azotaemia ([@bb2000]) and did not give evidence for a correlation with the *A. vasorum* infection.

Inflammatory lung lesions near vessels and vascular thrombi with nematode sections within arterial vessels are comparable with observations made in dogs infected with *A. vasorum*. In such dogs, nematode sections of eggs and larval stages numerically strongly outrange sections of adult nematodes ([@bb0025]; [@bb0210]). The same is valid for cats infected with *A. abstrusus.* In contrast, in the here analysed cat lung, only adult nematodes were observed, supporting the absence of stages that would lead to faecal larval excretion and therefore to patency. Furthermore, lung alterations were observed in a single area, that was observed by histology only and not at dissection. This explains the absence of evident radiological findings by thorax radiography. Infected dogs frequently show respiratory signs and/or abnormal thorax imaging ([@bb0055]; [@bb0175]), which was not present in this case. However, this might be not surprising as also cats severely affected by feline lungworms do not necessarily show clinical signs ([@bb0040]; [@bb0220]). Interestingly, in cats experimentally infected with *A. vasorum* the respiratory signs occurred as early as 2--3 weeks after infection, with potentially deadly outcome after five weeks, while other cats remained asymptomatic or presented with mild signs such as transient coughing and tachypnoe ([@bb0145]). The onset of obvious respiratory signs in cats infected with *A. vasorum* is therefore not predictable or may be even absent; this, together with the potential occurrence of other clinical manifestations in organs unrelated to the cardiopulmonary system, renders the identification of cats infected with *A. vasorum* highly challenging.

5. Conclusion {#s0070}
=============

*Aelurostrongylus abstrusus* and *A. vasorum* are both gastropod transmitted nematodes and they may share the same intermediate hosts within overlapping areas, as it has been observed for Switzerland ([@bb0140]; [@bb2000]; [@bb0180]). Especially chronic *A. abstrusus* infected cats become non-patent over time ([@bb0200]) and therefore do not excrete L1 in the faeces that are useful for diagnostics. Considering that *A. vasorum* infections are widespread in dog and fox populations but apparently do not become patent in cats, we cannot exclude that infections with *A. vasorum* may be misinterpreted and occur more frequently than expected, particularly in highly endemic areas.
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